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MULTI-PLANAR CAMERA APPARATUS
Field of Invention

[0001] The present invention relates to a multi-planar camera apparatus. The present
invention relates to a camera apparatus, particularly to a multi-planar camera apparatus
with image capturing members, to render three-dimensional (3-D) spatial images of a
target subject, at various depth angles and in multiple planes. The present invention also
relates to a multi-camera apparatus having a wider field of view to capture 2-D panoramic

images of a target subject(s).
Background of the Invention

[0002] Stereoscopic photography in a known way creates a 3-D illusion starting from a
pair of 2-D images. The easiest way to enhance depth perception in the brain is to provide
the eyes of the viewer with two different images, representing two perspectives of the
same object, with a certain deviation approximately equal to the perspectives that both

eyes naturally receive in binocular vision.

[0003] Stereo lenses which could turn an ordinary film camera into a stereo camera by
using a special double lens to take two images and direct them through a single lens to
capture them side-by-side on the film are known in the art. Two cameras are mounted on
a bracket, spaced apart a bit, with a mechanism wherein pictures can be taken at the
same time. The precise methods for camera control have also allowed the development
of multi-rig stereoscopic cameras where different slices of scene depth are captured using
different inter-axial settings. The images of the slices are then composed together to form
the final stereoscopic image pair. This allows important regions of a scene to be given
better stereoscopic representation while less important regions are assigned less of the

depth budget.

[0004] There have been cameras having dual camera system which work on a parallax
phenomenon. The detector heads or optical axes of such cameras remain parallel and
never converge. There is a fixed lateral separation of the two cameras and their visual

input sources. Hence, the target goes out of the field of vision of one of the cameras. In
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other cameras, the axes of the two cameras are diverging and generally they deal with

creating a 3-D virtual reality environment and models, not a 3-D vision or view.

[0005] Moreover in some dual camera systems, the two cameras are so fixed and so
held together that the inter-camera distance remains fixed. So the whole camera system
has to be adjusted for taking images from different angles. Also, these camera systems

have single eyepiece/objective, which affects their functionality.

[0006] Computing and Communication devices such as laptops, PDAs, i-phones, i-pads,
tablets etc., are provided with photographic cameras to capture images. However, the
cameras of these devices have limitations in dynamic rendering 3-D images of a target
object, without resorting to tools such as image processing software to process the
spatially-separated visual data. These cameras also have limitations in providing an
enhanced 3-D perception of target-objects from different vantage spatial positions. Their
optic axes are non-convergent, have a fixed inter camera separation distance. In addition,
the choice of providing panoramic views of target-objects, from different vantage

positions, is not available for such photographic and computing devices.

[0007] Computing and communication devices such as tablets and smart phones are
normally equipped with front and/or rear image capturing devices, such as cameras, to
take photographic and video pictures, in 2-D mode, as shown in FIG.1A and FIG.1B. Digital
cameras that are normally used in conjunction with such devices, to shoot and capture
images, are provided with digital sensor chip/film, a lens, a view finder/LCD screen, a
shutter, a flash, a memory card, an autofocus mechanism, timer mechanism, an image
stabilization mechanism, a battery storage zone, lens rings, controls for memory, light
sensors, Charge Couple Device (CCD), Complementary Metal Oxide Semiconductor
(CMOQS), a speaker, a power switch, a flash one/two, a PC/AV terminal, a tripod socket, a
buttons or controls for power, a zoom, a shutter release, a menu for selection of items

etc.

[0008] A variable 3-D camera is disclosed in a co-pending PCT International Application

(PCT/IN2011/000145) of the present applicant with dual-camera assemblies, in which the



10

15

20

25

optics of the cameras are adjustable and moved synchronously to each other to provide a
3-D view of the objects. However, in this arrangement, the left and right pathways of a
target-object are permitted to pass through two different converging optical devices,
before they are displayed on two different display devices such as LCDs and/or viewed
through left and right eye pieces. The de-association of left and right images on two
different LCDs would make the simultaneous image viewing cumbersome, as the natural
vision of a user converges on either one image, at a given time. Variable 3-D camera of
this Application handles capturing of 3-D images only in the plane of its arms because the
cameras are not situated in arms but fixed to the body. It can capture only front pictures.
Further, the camera of this type is vulnerable to tilt while capturing images at oblique
angles. The arrangement as disclosed also has a limitation of 3-D triangle of invisibility,
which is an area in front of the body of the camera, which cannot be focused on by the

converging optical devices.

[0009] A variable 3-D microscope is disclosed in PCT/IN2011/000141 in a co-pending
patent application of the present Applicant, in which a 3-D microscope with arms is
disclosed. However, the 3-D microscope is an image viewing device with a magnification,
to render a 3-D view of an object to a user’ eyes. The area of 3-D vision is in the front of
objectives and centered on the plane of the arms since the optics including the objectives
are fixed within the plane of the arms. Tilting of the arms away from the plane of the

arms is not available in this arrangement.

[0010] A 3-D adaptor assembly for a 2-D camera is disclosed in a co-pending Indian PCT
Application No. PCT/IN2013/000429, where an adaptor with arms is used to connect to a
2-D camera and convert the 2-D camera into a 3-D camera for capturing 3-D images of a
target-object at various vantage positions. Even though the plane of 3-D viewing can be in
any one of the planes in the 360 degrees in front of the camera, this arrangement may
result in a tilt and an oblique view of the target object. The adaptor is limited to
photography only in the plane of its tilting or tilted arms. However, the arms and the

optics are not arranged to move above or below or away from the plane of its arms.

[0011] Therefore, these known photographic devices can capture a 3-D picture only in

3



10

15

20

25

the plane of their camera arms, which may be may be horizontal, vertical or oblique.
However, these devices are not equipped to “look up” or “look down” without skirting or

changing the orientation of the main body of the device.

[0012] GB308839 discloses a cinematograph camera with two angularly movable
telescopic tubular arms having objectives, wherein the tubular arms are arranged one
above the other in a vertical plane, at distance equal to the height of one motion picture,
to pick up the motion pictures alternately. In this arrangement the arms having vertical
displacement are fixed on single plane. In such a camera arrangement, the left and right
planes of the images are not similar, due to the vertical displacement of the left and right
tubular arms, thereby not being able to capture 3-D pictures. In addition, in the absence
of elbows for the arms there is a limitation on the focusing range, even if both arms were

in the same plane.

[0013] A conventional camera assembly for a typical computing and communication
device such as smartphone or phablet is configured in the following manner as shown in

FIG.1

[0014] As shown in FIG.1, a camera assembly for computing and communication device
100 includes a housing within which functional components of the device are arranged. A
front cover with a display unit is arranged on the exterior surface of the housing to
facilitate viewing and other user functions such as multi-touch gestures. The front cover
of the device is also equipped with other controls that are required to be operated by the
user for its operations. A back cover is mounted on the back portion of the device and is

provided with a camera for capturing images.

[0015] However - as already mentioned above - conventional computing and
communication devices are not provided with a function of capturing variable 3-
dimensional and panoramic views of target objects having an enhanced depth

perception.

[0016] Therefore, there is a need to provide a multi-planar camera apparatus, with a

greater degree of freedom in rendering three-dimensional (3-D) spatial images of a target
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subject at multiple planes and with an enhanced depth angle, without having a need to
retain the body of the camera in a horizontal position. It is also preferred to provide a
multi-camera apparatus having a wider field of view, to capture panoramic images of a

target subject(s).

[0016A] It is generally desirable to overcome or ameliorate one or more of the

above described difficulties, or to at least provide a useful alternative.

Summary of the Invention

[0016B] In accordance with the present invention, there is provided a multi-planar

camera apparatus, comprising:

a) at least a pair of camera-receptacles, disposed preferably at the terminal ends of

an apparatus housing, along an axis (A-A’);

b) at least a pair of movable image capturing members, with said or each pair
disposed in said respective camera receptacles, with an intervening distance, and said
movable image capturing members are configured to orient in horizontal and vertical
planes, cyclorotate, and with vertical displacement compensation to capture 3-D spatial

images of at least a target-subject, at variable depth angles;

c) a pair of adjustable eye piece complexes with image-viewing screens, mounted on
said housing and operably connected to said pair of movable image capturing members
to render said captured 3-D spatial views of said target-subject (208;308) on said image-

viewing screens; and

d) a display unit of said housing, operably connected to said movable image

capturing members, to display 3-D spatial images of said target-subject.

[0017] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus with image capturing members, to render three-dimensional (3-D) spatial
images of a target subject at various depth angles and in multiple planes, without tilting

the body of the camera apparatus.
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[0018] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus with a wider field of view to capture panoramic images of a target subject(s),

without turning or moving the body of the camera apparatus.

[0019] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus with movable image capturing members that can render 3-D spatial images of

a target-subject, with a range of depth perception.

[0020] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus with a pair of adjustable left and right eye piece complexes having image
viewing screens, to render a direct 3-D views of a target-subject, as captured by the

movable image capturing members.

[0021] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus that can render 3-D spatial images of a target-subject that is located both in
front and at the back (selfie mode) of the apparatus without turning or tilting the

apparatus.

[0022] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus that can render 3-D spatial images of a target-subject, in which the image
capturing members are arranged to orient and cyclorotate in horizontal and vertical

planes.

[0023] The term “cyclorotate” or “cyclorotation” denotes a rotation of a camera around
its anteroposterior (front-back) axis. As an analogy, the cycloration of the camera can be
compared to rotation of the hands of a clock both in clockwise and counter clockwise
directions. In a clock, the 12 o’clock marking, is at the top and whereas the 6 o’clock
marking is at the bottom. Similarly, the 9 o’clock marking is at the extreme left of the
clock and the 3 o’clock marking is at the extreme right. This can be considered as
reference starting positions for understanding and measuring cyclorotation of a camera.
Accordingly, an imaginary line joining the 12 o’clock to the 6 o’clock mark, is a vertical line
and an imaginary line joining the 3 o’clock mark to the 9 o’clock mark, is a horizontal line.

This horizontal line can also be termed as a line that is parallel to earth’s horizon.



10

15

20

25

Accordingly, for instance, considering the camera as the clock, the camera rotates around
its front-back axis, such that it’s 12 o’clock mark moves to the position of 1 o’clock, which
rotation is termed as clock-wise cyclorotation. Similarly, when the camera rotates around
its front-back axis, such that it’s 12 o’clock mark now moves to the position of the 11
o’clock mark, then it is termed as counter-clockwise cyclorotation. In this cyclorotation,
the 12 o’clock to 6 o’clock meridian line (vertical line) is tilted to the vertical meridian at a
certain angle and this angle of cyclorotation is measured in degrees, in clockwise or

counter clockwise rotations.

[0024] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus that can render 3-D spatial images of a target-subject, in which the image

capturing members are arranged to move laterally and bi-directionally.

[0025] Preferred embodiments of the invention seek to provide a multi-planar camera

apparatus, with 3-D video image capturing capability, at multiple levels and depth angles.

[0026] Preferred embodiments of the invention seek to provide a multi-planar camera
apparatus that can obliterate the triangle of 3-D invisibility that forms between the image

capturing members.

[0027] Accordingly, the preferred embodiments of the present invention provide a
multi-planar camera apparatus in which movable image capturing members that are
connected to lateral space variators are arranged to move laterally, horizontally and
vertically in multiple planes and to cyclorotate, while capturing 3-D spatial images of the
target-subject with enhanced depth angle. The multi-planar camera apparatus is also
provided with eye piece complexes and a display unit to view the captured 3-D images
directly through human eyes or through polaraised 3-D glasses. The multi-planar camera
apparatus of the present invention is provided with a wider field of view to capture
panoramic images of target-subjects. Further, the multi-planar camera of the present
invention is equipped to capture 3-D spatial images of the target-subject without tilting or
turning the body of the camera apparatus. Furthermore, the multi-planar camera

apparatus of the present invention obliterates 3-D triangle of invisibility that forms
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between the image capturing members.
Brief description of the drawings

[0027A] Preferred embodiments of the invention are hereafter described, by way of non-

limiting example only, with reference to the accompanying drawings, in which:

[0028] FIG.1A & 1B is an illustration of front and back portions of a known computing

and cellular device, with a camera mounted on the back portion.

[0029] FIG.2a is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention, for rendering 3-D images of a

target-subject, with a pair of image capturing members shown in resting positions.

[0030] FIG.2b and 2c are expanded perspective views of image capturing members of a
multi-planar camera apparatus according to an embodiment of the present invention that

are configured to orient in horizontal and vertical planes and cyclorotate

[0031] FIG.2d is an exemplary perspective view of movable connectivity between an

optics housing member and a vertical stem of the image capturing member.

[0032] FIG.2e is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a

target-subject, with plurality of image capturing members shown in resting positions.

[0033] FIG.3 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a

target-subject, with lateral space variators in the form of gear arrangement.

[0034] FIG.4 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a

target-subject, with lateral space variators in the form of rotating disc arrangement.

[0035] FIG.5 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D and panoramic
images of a target-subject, with lateral space variators in the form of a cylinder-piston

arrangement.
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[0036] FIG.6 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a

target-subject, with lateral space variators in the form of a moving magnet arrangement.

[0037] FIG.7 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D and panoramic
images of a target-subject, with lateral space variators in the form of a screw and thread

arrangement.

[0038] FIG.7a is a perspective view of exemplary screw and thread lateral space
variators of the embodiment of Fig.7 and FIG.7b is an exemplary electrical circuit for

actuating the screw and thread lateral space variators.

[0039] FIG.8 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a
target-subject, with lateral space variators and image capturing members provided as an

adaptor arrangement.

[0040] FIG.9 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering panoramic images of

a target-subject(s).

[0041] FIG.10 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering 3-D images of a

target-subject, with a plurality of lateral space variators.

[0042] FIG.11 is an exemplary perspective view of a multi-planar camera apparatus
according to an embodiment of the present invention for rendering three-dimensional (3-

D) video images of a target-subject, at various vertical levels.

[0043] FIG.12a is a schematic representation of a multi-planar camera apparatus
according to an embodiment of the present invention, depicting the positional
arrangement of the image capturing members while the housing of the camera apparatus

is horizontal to horizon “H-H’ ”.
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[0044] FIG.12b is a schematic representation of a multi-planar camera apparatus
according to an embodiment of the present invention, depicting the tilted positional
arrangement of the image capturing members before undergoing cyclorotation, while the

v

housing of the camera apparatus is tilted at an angle “0 “to horizon “H-H’ ”.

[0045] FIG.12c is a schematic representation of a multi-planar camera apparatus
according to an embodiment of the present invention depicting the positional
arrangement of the image capturing members after undergoing cycloration while the

housing of the camera apparatus is still tilted at an angle “0” to horizon “H-H’ ”.

[0046] FIG.12d is a schematic representation of a multi-planar camera apparatus
according to an embodiment of the present invention depicting the positional
arrangement of the image capturing members with vertical displacement compensation
of left and right image capturing members, while the housing of the camera apparatus is

tilted at an angle “0” to horizon “H-H" ”.

[0047] FIG.13 a perspective view of a multi-planar camera apparatus according to an
embodiment of the present invention for 3-D images of a target-subject, depicting the

obliteration of triangle of 3-D invisibility.

[0048] FIG.14 is a perspective view of a multi-planar camera apparatus according to an
embodiment of the present invention depicting variation of depth angles of the target-

subject.
Description of Preferred Embodiments of the invention

[0049] Depth perception or 3-D vision (length, breadth and depth) of a target-subject is
a type of visual experience of a target-subject that normal human/mammals experience
with a pair of eyes that are separated by a fixed Inter-Pupillary Distance (IPD). However,
those with only one-eye vision can only see the length and breadth of the target-subject
but not its depth. Accordingly, when a human being looks at a nearby target-subject, the
right and left eyes simultaneously focus, fix or converge on the target-subject, within the
limits of the IPD, thereby generating different left and right images, with natural disparity,

of the target-subject. These different left and right images of the target-subject are
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interpreted as 3-dimensional or depth perception by the mechanism of the human brain.

[0050] Similarly, in a 3-D camera, having right and left cameras, the right camera
focuses on a target-subject from the right-view perspective and the corresponding left
camera focuses on the target-subject from the left-view perspective of the same target-
subject. Therefore, the resultant captured images will have difference or disparity in left
and right perceptions of the target-subject, resulting in overlapped or blurred images. The
overlapped images are viewed by users, either on the display unit of the camera or
through a projection of images on a screen. These images are normally viewed through

polarized 3-D goggles.

[0051] The distance between left and right cameras i.e. the Inter-Camera Distance
(ICD), impacts the 3-D effect or depth perception of the target-subject. In other words, an
increase in the ICD provides an enhanced depth perception of the target-subject, whereas

a decrease in the ICD results in decreased depth perception.

[0052] In order to capture 3-D images of a target-subject, located at closer and farther
distances, a 3-D photographic device is required not only to diverge and converge the left
and right cameras, respectively, at various angles, for closer and distant visions but also to

vary the ICD to achieve the desired depth angle.

[0053] Therefore, lateral variation of the ICD, by displacing left and right cameras of a 3-
D photographic device, helps a user to perceive a greater depth angle (DA) or 3-D Effect
Angle (3-DA) of a given target-subject. The term “Depth Angle (DA)” or“3-D Effect Angle
(3-DA)” normally refers to an angle that is subtended by the optical axis of the right image
capturing member with the optical axis of the left image capturing member, at a target-
subject. Accordingly, in a 3-D camera, for a given distance of a target-subject from the
camera, the ICD is proportional to the DA. In other words, greater the ICD, the greater will
be the DA and vice-versa. Similarly, in the event of decrease in the distance between the

camera and the target-subject, the DA also becomes proportionally smaller.

[0054] In the multi-planar camera apparatus of the present invention, the Inter-Camera

Distance (ICD) is dynamically varied, by laterally separating left and right movable image
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capturing members, while focusing or converging on the target-subject. The lateral
displacement of the movable image capturing members enhances the Depth Angle (DA),
or 3-D Effect Angle (3-DA), of the target-subject. Furthermore, the camera apparatus of
the present invention is configured to cyclorotate in horizontal and vertical planes, to

capture 3-D images of the target-subject, in multiple planes.

[0055] Accordingly, the present invention provides a multi-planar camera apparatus to
capture and render 3-D left and right images of a target-subject, at alterable 3-D angles
and ICD. The camera apparatus of the present invention can also be used in conjunction
with digital cameras, computing and communication devices such as a tablet, phablet,

and smart phone or the like.

[0056] The preferred embodiments of the invention are advantageously implemented
in hardware, firmware, software, or any combination thereof, of the apparatus of the
present invention. Embodiments of the invention may also be implemented as
instructions stored on a machine-readable medium, which may be read and executed by
one or more processors. A machine-readable storage medium may include any
mechanism for storing or transmitting information in a form readable by a machine (e.g.,
a computing device). For example, a machine-readable storage medium may include read
only memory (ROM); random access memory (RAM); magnetic disk storage media;
optical storage media; flash memory devices; electrical, optical forms of signals. Further,
firmware, software, routines, and instructions may be described herein as performing
certain actions. Data and instruction communication channels that are used in the
apparatus of the present invention can be any one or a combination of standard wireless

technologies Bluetooth and Wi-Fi etc.

[0057] The preferred embodiments of the invention will be described with reference to
the accompanying drawings. FIG.2a depicts an embodiment of the present invention,
where the multi-planar camera apparatus with image capturing members, to render
three-dimensional (3-D) spatial images of a target subject, at various depth angles and in
multiple planes, is exemplarily shown incorporated in a smart phone or a phablet and this

shall not be construed as a limiting factor.
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[0058] A computing and communication device 200 as considered for the present
invention, normally includes, among other things, an arrangement of the components
such as a digital sensor chip/film, a lens, a view finder/LCD screen, a shutter, a flash, a
memory card, an autofocus mechanism, an image stabilization mechanism, a battery
storage zone, lens rings, controls for memory, light, object and direction sensors,
transducers, Charge Couple Device (CCD), Complementary Metal Oxide
Semiconductor(CMOS), colour-array filters, a speaker, a power switch, a flash one/two, a
PC/AV terminal, a tripod socket, a buttons or controls for power, a zoom, a shutter

release, a menu for selection of items and a digital processor.

[0059] As shown in FIG.2a, a housing 201 of the computing and communication device
200, which is a hollow fixed member, in which functional components of the device 200
are incorporated. A front panel 202 is arranged on the exterior surface of the housing
201. The housing 201 incorporates at least an electronic display unit 203, such as a touch
screen or a CCD, which is arranged on the front panel 202, through means of which, a
user can view texts, images, icons etc., and control the operations or functions of the
device 200 through simple or multi-touch gestures by touching or contacting the
electronic display unit 203 with one or more fingers or pointers such as stylus. The front
panel 202 of the device 200 is also equipped with other controls or switches that are
required to be operated by the user for its operations. The housing 201 in this exemplary
aspect is shown as having rectangular shape. However, it is to be understood that the
housing 201 can be formed in other different shapes and configurations that are not
limited to square, curved etc. A back panel cover 204 is mounted on the back portion of

the device 200 and is connected to the front panel 202.

[0060] In an aspect of the present invention, a pair of camera-receptacles 205a and
205b is formed, integrally, in the housing 201 of the device 200. These camera-
receptacles 205a and 205b are carved as hollow cavities, advantageously, at the upper
terminal or lateral ends of the housing 201 and in the area between the front panel 203
and the back cover 204, as shown in FIG.2a. These pair of camera-receptacles 205a and

205b, serve as anchor points or parking slots for left and right image capturing members
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207a and 207b while they are in resting position. The shape and configuration of the
camera-receptacles 205a and 205b is exemplarily shown as rectangular hollow cavities.
The shape and configuration of the receptacles 205a and 205b can also be circular, oval,
square or any other shapes, so long as they merge and align with the design and
geometrical configuration of the housing 201 of the device 200. The camera-receptacles
205a and 205b are set apart along a horizontal axis A-A’ of the housing 201, with an
interspatial distance between them. The camera-receptacles 205a and 205b are arranged
along the axis A-A’, as shown in FIG.2a. The camera-receptacles 205a and 205b are

optionally provided as enclosures with transparent outer coverings.

[0061] The camera-receptacles 205a and 205b are preferably formed at the terminal
ends of the housing 201 and exemplarily shown as cubicles. However, it is understood
here these camera-receptacles can be arranged at any preferred choice of location inside
the housing 201, along the axis A-A” and can be provided in any other desired shapes and

variable inner dimensions and sizes.

[0062] In further aspect of the present invention, as shown in FIG.2a, a pair of movable
image capturing members 207a and 207b (left and right movable image capturing
members) are arranged in the camera-receptacles 205a and 205b respectively, along the
axis A-A’, with an intervening distance between. The movable image capturing members
207a and 207b are provided with suitable driving mechanism, as hereinafter described, to
orient, move and cyclorotate in horizontal and vertical planes of the housing 201, to

capture 3-D spatial images of the target-subject 208.

[0063] In yet another aspect of the present invention, as shown in FIG.2a, a pair of
adjustable eye piece complexes (left and right eye piece complexes) 206a and 206b is
arranged advantageously on the top portion of the housing 201. The eye piece complexes
206a and 206b are also equipped with internal image-viewing screens 217a and 217b,
advantageously LCD screens, to display 3-D views of a target-subject 208. The eye piece
complexes 206a and 206b are Digital Single-Lens Reflex (DSLR) cameras that are provided
with suitable magnification lenses, image sensors, a sun mask and an eye cup to prevent

external light penetration. The eye piece complexes 206a and 206b are optically
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connected, to the left and right image capturing members 207a and 207b through
electronic beam splitters 217c and 217d, so that the eye piece complexes 206a and 206b
receive the light pathways of the target-subject 208 as captured by and relayed from the
left and right movable image capturing members 207a and 207b. The captured and
relayed images of the target-subject 208 are displayed on image-viewing screens 217a
and 217b, which are advantageously LCDs, of the eye piece complexes 206a and 206b, to
be viewed directly through the left and right eyes of the user. The beam splitters 217c
and 217d are incorporated to switch the optical pathways of the target-subject 208
between the image viewing screens 217a and 217b of the eye piece complexes 206a and
206b and the display unit 203. The eye piece complexes 206a and 206b are provided with
inter-distance variators 206c¢ to adjust the inter-objective distance between them so as to
align with the interpupillary distance of eyes of a user, while viewing and focusing on the
target-subject 208, through the image capturing members 207a and 207b. The eye piece
complexes 206a and 206b can be suitably adapted with suitable optics, to view the
target-subject 208, either in front or back of the device 200. Therefore, by using this
arrangement, a user can view 3-D spatial images of the target-subject directly on the
image-viewing screens 217a and 217b, in multiple planes and without polarized 3-D
optics, since in this embodiment the target-subject 208 is viewed through the movable
image capturing members 207a and 207b, which are stationed in the camera-receptacles
205a and 205b. In other words, the user experiences stereopsis through the image-
viewing screens 217a and 217b. Therefore, by adopting the arrangement as shown
FIG.2a, a pair of movable image capturing members 207a and 207b is used in one
location i.e., in the upper terminal ends of the housing 201 and along the horizontal axis
A-A.

[0064] In another aspect of the present invention, as shown in FIG.2e, at least two pairs
of camera-receptacles 205a, 205b and 205c and 205d are formed, integrally, in the
housing 201 of the device 200. These camera-receptacles 205a, 205b and 205c and 205d

are carved as hollow cavities, advantageously, at the upper and lower terminal or lateral

ends of the housing 201 and in the area between the front panel 203 and the back cover
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204, as shown in FIG.2e. These camera-receptacles 205a, 205b, 205¢ and 205d, serve as
anchor points or parking slots for movable image capturing members 207a, 207b, 207c
and 207d respectively, while they are in resting positions. The shape and configuration of
the camera-receptacles 205a, 205b, 205c and 205d is exemplarily shown as rectangular
hollow cavities and the shapes can also be circular, oval, square or any other shapes, so
long as they merge and align with the design and geometrical configuration of the
housing 201 of the device 200. The camera-receptacles 205a, 205b, 205c and 205d are
set apart along horizontal axis A-A” and axis B-B’ of the housing 201, respectively, with an
interspatial distance between them. The camera-receptacles 205a, 205b and 205¢ and
205d are arranged along the axis A-A’, and B-B’ as shown in FIG.2c. The camera-
receptacles 205a, 205b, 205c and 205d are optionally provided as enclosures with

transparent outer coverings.

[0065] The camera-receptacles 205a, 205b, 205c and 205d are preferably formed at the
terminal ends of the housing 201 and exemplarily shown as cubicles. However, it is
understood here these camera-receptacles can be arranged at any preferred choice of
location inside the housing 201, along the axes A-A’ and B-B’ and can be provided in any

other desired shapes and variable inner dimensions and sizes.

[0066] In further aspect of the present invention, as shown in FIG.2e, movable image
capturing members 207a, 207b, 207c and 207d (left and right movable image capturing
members) are arranged in the camera-receptacles 205a, 205b, 205c and 205d
respectively, along the axes A-A’ and B-B’ respectively with an intervening distance
between the movable image capturing members 207a, 207b, 207c and 207d. The
movable image capturing members 207a, 207b, 207c and 207d are provided with suitable
driving mechanism, to orient and cyclorotate in horizontal and vertical planes of the
housing 201, to capture 3-D spatial images of the target-subject 208. The movable image
capturing members cyclorotate in clockwise or counter clockwise directions, if the

housing of the camera apparatus is tilted away from the horizon.

[0067] In the embodiment as shown in FIG.2e, in addition to the provisioning of

horizontal separation between the movable image capturing members, a vertical
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separation is also provided, by incorporating movable image capturing members along

the axes A-A’” and B-B’, respectively.

[0068] In yet another aspect of the present invention, as shown in FIG.2e, the pair of
adjustable eye piece complexes (left and right eye piece complexes) 206a and 206b are
also optically connected, to the left and right image capturing members 207a, 207b, 207c
and 207d through electronic signal splitters 217c¢ and 217d, so that the eye piece
complexes 206a and 206b receive the light pathways of the target-subject 208 as
captured by and relayed from the left and right movable image capturing members 207a,
207b, 207c and 207d. The captured and relayed images of the target-subject 208 are
displayed on the image-viewing screens 217a and 217b. The beam splitters 217c¢ and
217d are incorporated to switch the optical pathways of the target-subject 208 between
the image viewing screens 217a and 217b of the eye piece complexes 206a and 206b and
the display unit 203. Therefore, by using this arrangement, the user can view 3-D spatial
images of the target-subject directly on the image-viewing screens 217a and 217b, in
multiple planes and without polarized 3-D optics, since in this embodiment the target-
subject 208 is viewed through the movable image capturing members 207a, 207b, 207c
and 207d, which are stationed in the camera-receptacles 205a, 205b and 205c, 205d
respectively. Alternately, the captured images can also viewed on the display unit 203

through polarized 3-D glasses.

[0069] In yet another aspect of the present invention, a suitable electronic switching or
toggle mechanism is provided in the camera apparatus 200, to enable the user to switch
between the views of the target-subject 208, as rendered by the individual pair of
movable image capturing members 207a, 207b and 207c, 207d, respectively. In other
words, the user can independently select the desired individual pair of movable image

capturing members, to capture the 3-D images of the target-subject 208.

[0070] In further aspect of the present invention, the constructional features of the
movable image capturing members are now described by referring to FIG.2b and FIG.2c
of the accompanied drawings. The movable image capturing members 207a is provided in

the form of cubicles with transparent peripheral walls, preferably with an open upper
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portion to facilitate the vertical movements of the image capturing members The
peripheral walls are made of glass, preferably a High Definition glass with desirable
refractive index, so as to minimize the deviation of the light rays that traverse through its
external surfaces. The peripheral walls are also preferably coated with water and oil
repellent, scratch and stain resistant coatings. Other suitable materials such as
transparent ceramic and polymeric materials can also be used for the peripheral walls.
Transparent peripheral walls also protect the inner components of the movable image
capturing member 207a from external factors. The peripheral walls protect movable
image capturing member 207a from expensive front element damage, which could be

caused by dirt, knocks or scratches.

[0071] The movable image capturing member 207a (left image capturing member)
includes, advantageously, a plurality of driving members, which are preferably micro
motors, to actuate various multi-directional and multi-planar movements of the image
capturing member 207a, as hereinafter described. The driving members of the movable
image capturing member 207a form transverse actuator assemblies and include a pitch-
drive member 208a, a yaw-drive member 209a and a roll-driver member 210a that are

connected to each other in cooperative and reciprocal manner.

[0072] The pitch-drive member 208a is advantageously a pitch motor, which is fixed to
one of the inner surfaces of the camera-receptacle 205a. A movable pitch shaft 211a with
its one end connected to the pitch-drive member 208a and the other end connected to a
movable pedestal 212a through a joint or a coupler 213a. The movable pedestal 212a
acts as a platform for mounting various components of the movable image capturing
member 207a. The pitch-drive member 208a imparts pitch movements (up and down
vertical movements) to the pedestal 212a, along the plane of the pedestal 212a. In other
words, the pedestal 212a, once actuated, by the pitch drive member 208a, move
vertically, in the direction above and below the plane of the pedestal 212a, along the

indicated directional arrows of 221a.

[0073] The yaw-drive member 209a is mounted on the pedestal 212a and is positioned

substantially perpendicular to the axis of movement of the pitch-drive member 208a. The
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yaw-drive member 209a is a yaw micro motor that renders yaw movement or rotation as
indicated by directional arrows 222a, to the movable image capturing member 207a
through a movable and rotatable vertical stem 214a, with its one end vertically coupled
to the yaw-drive member 209a. The movable stem 214a is equipped to move
independently to carry the pitch and yaw drives as transmitted from the movable
pedestal 212a. The rotatable and movable stem 214a can also be made as a height-
adjustable single unit or with multiple telescoping units to provide an adjustable vertical
height. The movable stem 214a is also disposed to rotate both in clock and counter-clock
directions along its vertical axis. The distal end of the movable stem 214a is connected to

the roll-drive member 210a.

[0074] The roll-drive member 210a is a roll micro motor, which is connected to the
movable image capturing member 207a. The roll-drive member 210a renders fine rolling
movements or cyclorotational movements, as indicated by the directional arrows 224a, to

the image capturing member 207a.

[0075] An optics housing 215a, which is advantageously a hollow tubular structure, is
movably connected to the movable stem 214a through the roll-drive member 210a. In
other words, the movable stem 214a acts a pivot for the optics housing 215a. At least a
lens assembly 216a of compound photographic lenses with graticules is arranged at the
distal ends of the optics housing 215a to capture the images of target-subject 208 and
relay the captured images for viewing through the display unit 203, which is as CCD
(charged coupled device) through photo diodes or to the eye piece complexes 206a and
206b. Thus, the optics housing 215a forms a multi-directional camera that can orient and
cyclorotate in vertical and horizontal planes, to capture 3-D spatial images of the target-
subject 208. The lens assembly 216a is advantageously configured to capture images of
the target-subject 208 from both the distal ends of the optics housing 215a. In other
words, the lens assembly 216a is equipped with multi-directional image capturing
functionality. The lens assembly 216a is also equipped to capture a high-definition video
also. In another aspect of the present invention the movable image capturing member

207a can also possess the features of a Digital Single-Lens Reflex Camera (DLSR). Plane
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polarized filters are also provided in the optics housing.

[0076] In another aspect of the present invention the movable vertical stem 214a,
which is arranged to move vertically is movably connected to the optics housing 215a, as
shown in FIG.2d. In this aspect, a combination of rotary gear arrangement is shown, to
transmit the rotary movement of the stem into the rotary movement of the optics
housing 215a, particularly cyclorotation of the lens assembly 216a in both clockwise and
counter-clockwise directions. It is to be understood here, the rotary gear arrangement is
exemplarily shown to implement the cyclorotation of the lens assembly 216a. Other
suitable rotary arrangements such as pneumatic, magnetic or bellow coupling etc. can

also be suitably adopted to implement the cyclorotation of the lens assembly 216a.

[0077] By virtue of the aforementioned cumulative drive arrangement, the movable
image capturing member 207a is configured to orient in horizontal and vertical planes

and cyclororate, as shown in FIG.2b.

[0078] In yet another aspect of the present invention the movable image capturing
member 207a is configured to rotate at an angle of 0-360 degrees along the horizontal
plane of the housing 201 and on the vertical plane at angle of about 120 degrees, to

capture 3-D spatial images of the target-subject 208.

[0079] In further aspect of the present invention, the movable image capturing
member 207a is positioned substantially at vertical meridian to the housing 201, even
when the housing is not parallel to horizon. In other words, the vertical meridian position
of the image capturing member 207a is maintained even if the housing 201 is parallel and
non-parallel to the horizon, especially when the housing 201 of the camera apparatus 200

is tilted while focusing on the target-subject at various converging angles.

[0080] In yet another aspect of the present invention the movable image capturing
members 207a, 207b, 207c and 207d are configured to cyclorotate in clockwise and
counterclockwise directions. The cyclorotation is also performed by utilizing a horizon

level indicator of the apparatus 200 and controlled by a digital processor 218.
[0081] In further aspect of the present invention the movable image capturing
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members 207a, 207b, 207c and 207d are configured to capture images of the target-
subject 208 both from the front and back sides of the apparatus without turning the
device 200, since the image capturing members are provided with rotational capability of
360 degrees along the horizontal axis A-A’. The movable image capturing members 207a,
207b, 207c and 207d are configured to capture images of the target-subject 208 in selfie

mode.

[0082] In yet another aspect of the present invention the movable image capturing
members 207a, 207b, 207c and 207d possess a wider field of view, to capture panoramic
images of the target-subjects from the front the back sides of the apparatus without

turning the device 200.

[0083] In a reciprocal manner the corresponding movable image capturing members
207b, 207c and 207d are also provided with identical structural configurations that
function in tandem with the movable image capturing member 207a, to capture 3-D
images of the target-subject 208. Considering the identical nature of the constructional
aspects of the movable image capturing members 207b, 207c and 207d, and for the sake
of brevity, the corresponding constructional aspects are not described here. Therefore, it
is to be reckoned here all the constructional features as described for the image capturing
member 207a ipso facto apply to other image capturing members in a reciprocal manner
and also function in the same and reciprocal manner as shown FIG.2b and FIG.2c and

FIG.2e.

[0084] The aforementioned various components of camera apparatus 200 are coupled
to the aforementioned digital processor 218, which is a real-time digital processor
connected to various controllers. The functions of these components of the device 200
are advantageously managed by the digital processor 218 and executed through Data and
Command channel 219. Thus the data and command channel 219 provides an interface
between the various functional components of the device 200 and the digital processor
218. The data and command channel 219 is based on any standard wireless
communication protocols such as Bluetooth, WI-FI, Infrared etc., or wired protocols. The

digital processor 218 manages various functions of the device 200, inter alia the control
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of image capturing members 207a, 207b, 207c and 207d in capturing 3-D and 2-D
panoramic images of the target-subject 208, image processing, regulating sensors, ADCs,
storing, signal processing, transmitting and displaying 3-D and 2-D panoramic images of

the target-subject 208.

[0085] An array of sensors including photo-electric sensors, electro-optical sensors,
position sensors, infrared sensors, flash detection sensors, transducers, proximity sensors
and other suitable sensors are arranged either in the optics housing or in the body of the
device 200 and are connected to the digital processor 218 through data and command
channel 219 to provide a feedback on the movement of the arms, convergence of image
capturing members at various convergence angles of the target object/subject, regulation
of optics of the optics housing assembilies including lens, prism and mirror complexes, in
aligning the passage of optical pathways of the target subject to pass through the optics
of the optics housing assemblies, autofocusing, object/subject determination, and 3-D

face detection, flash detection, etc.

[0086] In another aspect of the present invention, a single drive member, which is
advantageously a micro motor, can be connected to the each of the image capturing
members 207a, 207b, 207c and 207d, to actuate pitch, yaw and roll movements, through

the digital processor 218, instead of individual pitch, yaw and roll drive members.

[0087] Hitherto, the constructional and functional aspects of the multi-planar camera
apparatus of the multi-planar camera apparatus of the present invention have been
described, where the movable image capturing members are stationed in the respective
camera-receptacles, while capturing the 3-D images of the target-subject, at various
converging angles and in multiple planes, by referring to FIG.2a, FIG.2b, FIG.2c FIG.2d and
FIG.2e, respectively. However, these 3-D images of the target-subject thus obtained have
limited depth angle, since the lateral separation between the left and right image
capturing members are limited by the distance between the movable image capturing

members.

[0088] Accordingly, in order to vary or increase the lateral separation between the left
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and right image capturing members and to obtain an enhanced and alterable depth angle
of the target subject, in another aspect of the present invention, preferred embodiments
pertaining to the increased lateral separation between left and right movable image
capturing members are now described, by referring initially to FIG.3, of the accompanied

drawings.

[0089] Accordingly, as shown in FIG.3, in order to vary the intervening lateral distance
between the left and right movable image capturing members 307a and 307b, at least a
laterally-movable linear actuating assembly is incorporated in the device 300. The linear
actuating assembly enables the capturing and viewing of left and right 3-D spatial images
of a target-subject 308, at various convergence angles and at variable distances, without

tilting the device 300.

[0090] In this arrangement, the user can capture and 3-D views of the target-subject
308 with enhanced depth perception, at different convergence angles, along the axis A-A’
of the device 300, by extending and varying the inter-objective distance (intervening
distance between left and right image capturing members) between the movable image

capturing members 307a and 307b, along the axis A-A’.

[0091] Accordingly, the lateral space variator assembly as shown in FIG.3 comprises an
actuator driving member 320, which is preferably a micro motor, with a suitable torque
and power rating. The actuator driving member 320 is arranged in the housing 301 and
connected to the movable image capturing members 307a and 307b. A suitable power
supply arrangement is also provided to the actuator driving member 320. The actuator
driving member 320 is preferably equipped with a variable speed drive arrangement. The
actuator driving member 320 is also equipped to rotate in clockwise and counter-
clockwise directions. The location of the actuator driving member 320 is shown in FIG.3
as centrally-located in the housing 301, in a representative manner. It is understood here
that the location of the actuator driving member 320 can be arranged in any other
suitable location of the housing 301. It is also within the purview of this invention, to
adopt more than one actuator driving member so as to meet the functional load

requirements of the device 300. The actuator driving member 320 is connected to the
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power source of the device 300 and its movements are controlled and executed by the
digital processor 318, in accordance with the user’s requirements. The operations of
actuator driving member 320 that are controlled by the digital processor 318 include
actuation, control of clockwise or counter clockwise directions of its rotor, pausing and
stopping controls, selecting and regulating linear movements of each of lateral space
variators that are connected to the movable image capturing members 307a and 307b
and the management of its variable speed. The digital processor 318 can also
programmed to include further functionalities to control the movable image capturing
members 307a and 307b, in furtherance to achieving the stated objectives of the present

invention.

[0092] A rotatable actuator shaft 321 with a bush, pulley or a connector, is connected
to actuator driving member 320 (to the rotor of the driving member) and disposed to
receive a rotary drive from the actuator driving member 320. The rotatable actuator shaft

321 is arranged to rotate both in clockwise and counter-clock wise directions.

[0093] A rotary drive member 322 is rotatably connected to the terminal end of the
rotatable actuator shaft 321. The rotary drive member 322 is advantageously a gear and
provided with a desired teeth profile and arranged to rotate about the vertical axis of the
rotatable actuator shaft 321. The rotary drive member 322 reciprocates the movement of
the rotatable actuator shaft 321 and rotates in corresponding clockwise and counter-

clockwise rotary directions.

[0094] In another aspect of the present invention, a laterally extendable or movable
lateral space variator 323a having proximal and distal ends, is movably engaged with the
rotary drive member 322, through its proximal end, along the axis A-A’, as shown in FIG.3.
The lateral space variator 323a in this embodiment is shown as a linear gear having a
teeth profile having a fine pitch and corresponds with the teeth profile of the rotary drive
member 322. The shape and configuration of the lateral space variator 323a can be
rectangular, round or any other suitable configuration. The lateral space variator 323a
can be made of metal, plastic or of any suitable alloy materials. The lateral space variator

323a is meshed with the teeth profile of the rotary drive member 322. In this
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arrangement, the rotary movements of the rotary drive member 322 are translated into

linear movements of the lateral space variator 323a.

[0095] The distal end of the lateral space variator 323a is arranged to extend linearly
and laterally from the rotary drive member 322, along the horizontal axis A-A” and is
integrally connected to the movable image capturing member 307a through a slot 324a.
The distal end of the lateral space variator 323a is provided with a suitable profile so that
the distal end can pass through the slot 324a and locks inside. The locking arrangement

can be one of press-fit, screw, ratchet or any other suitable locking means.

[0096] The lateral space variator 323a, which is meshed with the rotary drive member
322 also moves linearly along its longitudinal axis, in both the directions. The linear
movement of the lateral space variator 323a is in the fore and aft directions, along the
axis A-A’, in response to the clock and counter-clockwise movements of the rotary drive

member 322.

[0097] The lateral space variator 323a, in this aspect, is exemplarily shown as a flat and
elongated member, having a corresponding teeth profile that matches with the teeth
profile of the rotary drive member 322. Other suitable profiles including cylindrical or

round profiles can be suitably adapted for the lateral space variator 323a.

[0098] The lateral space variator 323a is exemplarily shown as linear gear of single unit.
It is to be understood here that the linear gear can also be formed of multiple units that

are connected to one another in a movable manner.

[0099] Accordingly, the lateral space variator 323a actuates the linear and lateral
separation of the left movable image capturing member 307a along the axis A-A’ both in
extended and contracted manner. Therefore, the movable image capturing member
307a, as described supra, is configured to move laterally away from the housing 301.
Once the desired lateral separation is achieved, the movable image capturing member
307a is oriented and cyclorotated in horizontal and vertical planes, to capture the

required left perspective of the target-subject 308, with an enhanced depth angle.
[00100] Now, the lateral separation of the right movable image capturing member is
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described by again referring to FIG.3. In yet another aspect of the present invention, a
laterally extendable or movable lateral space variator 323b having proximal and distal
ends, is movably engaged with the rotary drive member 322, through its proximal end, as
shown in FIG.3, along the axis A-A’. The lateral space variator 323b is positioned
substantially parallel to the lateral space variator 323a and in the opposite direction. In
other words, the lateral space variators 323a and 323b are arranged to move laterally in

opposite directions along the axis A-A’.

[00101] The lateral space variator 323b in this embodiment is shown as a linear gear
having a teeth profile having a fine pitch and corresponds with the teeth profile of the
rotary drive member 322. The shape and configuration of the lateral space variator 323b
can be rectangular, round or any other suitable configuration. The lateral space variator
323a can be made of metal, plastic or of any suitable alloy materials. The lateral space
variator 323a is meshed with the teeth profile of the rotary drive member 322. In this
arrangement, the rotary movements of the rotary drive member 322 are translated into

linear movements of the lateral space variator 323b.

[00102] The distal end of the lateral space variator 323b is arranged to extend linearly
and laterally from the rotary drive member 322, along the horizontal axis A-A’ and is
integrally connected to the movable image capturing member 307b through a slot 324b.
The distal end of the lateral space variator 323b is provided with a suitable profile so that
the distal end can pass through the slot 324b and locks inside. The locking arrangement

can be one of press-fit, screw, ratchet or any other suitable locking means.

[00103] The lateral space variator 323b, which is meshed with the rotary drive member
322 also moves linearly along its longitudinal axis, in both the directions. The linear
movement of the lateral space variator 323b is in the fore and aft directions, along the
axis A-A’, in response to the clock and counter-clockwise movements of the rotary drive

member 322.

[00104] The lateral space variator 323b, in this aspect, is exemplarily shown as a flat and

elongated member, having a corresponding teeth profile that matches with the teeth
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profile of the rotary drive member 322. Other suitable profiles including cylindrical or

round profiles can be suitably adapted for the lateral space variator 323b.

[00105] The lateral space variator 323b is exemplarily shown as linear gear of single unit.
It is to be understood here that the linear gear can also be formed of multiple units that

are connected to one another in a movable manner.

[00106] Accordingly, the lateral space variator 323b actuates the linear and lateral
separation of the left movable image capturing member 307b along the axis A-A’ both in
extended and contracted manner. Therefore, the movable image capturing member
307b, as described supra, is configured to move laterally away from the housing 301.
Once the desired lateral separation is achieved, the movable image capturing member
307b is oriented and cyclorotated in horizontal and vertical planes, to capture the
required right perspective of the target-subject 308, with an enhanced depth angle or a

variable depth angle.

[00107] In this manner, an identical and reciprocal lateral space variator 323b is
arranged with its proximal end connected to the rotary gear 322 and its distal end
connected to a movable image capturing member 307b through the slot 324b. The
arrangement of the lateral space variators 323a and 323b are parallel and non-axial to

each other and arranged to move in opposing directions.

[00108] In yet another aspect of the present invention the rotary movement of the
rotary gear 322 causes lateral movement of the lateral space variators 323a and 323b, in
linear and opposing directions. In other words, the rotation of the rotary drive member
322 causes the extension or retraction of the lateral space variators 323a and 323b away
from or towards the housing 301. By altering the extension of the lateral space variators
323a and 323b, the interspatial distance between lens assemblies of the image capturing
members 307a and 307b are varied and once the desired spatial distance is achieved the
image capturing members 307a and 307b are adjusted to orient and cyclorotate in
horizontal and vertical planes, to capture the required left and right perspectives of the

target-subject 308, with an enhanced depth angle. The images of the target-subject 308
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thus produced can be viewed through the eye piece complexes 306a and 306b having

image viewing screens, directly, or on the display unit 303 through polarized 3-D glasses.

[00109] In further aspect of the present invention, the movable image capturing
members 307a and 307b are disposed substantially at vertical meridians to horizon, not
only while the movable image capturing members 307a and 307b are located in the
respective camera-receptacles but also while the image capturing members 307a and
307b are displaced laterally and cyclorotated in horizontal and vertical planes, while
converging on the target-subject 308. In other words, the image capturing members 307a
and 307b maintain their vertical meridian positions to the horizon, even when the
housing 301 of the device 300 is tilted, while capturing the 3-D images at various

converging angles.

[00110] The aforementioned movements of the lateral space variators 323a and 323b
and image capturing members 307a and 307b are regulated and controlled by the digital

processor 318 and executed through data and command channel 319.

[00111] The respective movements of the lateral space variators 323a and 323b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 308.

[00112] In yet another embodiment of the present invention, a linear actuating
assembly, implemented by means of a non-gear arrangement, to actuate and position the
movable image capturing members 407a and 407b and to capture left and right 3-D

images of the target- subject 408, is now described by referring to FIG.4.

[00113] In this arrangement, the user can capture and 3-D views of the target-subject
408 with enhanced depth perception, at different convergence angles, along the axis A-A’
of the device 400, by extending and varying the inter-objective distance (intervening
distance between left and right image capturing members) between the movable image

capturing members 407a and 407b, along the axis A-A’.

[00114] Accordingly, the lateral space variator assembly as shown in FIG.4 comprises an

actuator driving member 420, which is preferably a micro motor, with a suitable torque
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and power rating. The actuator driving member 420 is arranged in the housing 401 and
connected to the movable image capturing members 407a and 407b. A suitable power
supply arrangement is also provided to the actuator driving member 420. The actuator
driving member 420 is preferably equipped with a variable speed drive arrangement. The
actuator driving member 420 is also equipped to rotate in clockwise and counter-
clockwise directions. The location of the actuator driving member 420 is shown in FIG.4
as centrally-located in the housing 401, in a representative manner. It is understood here
that the location of the actuator driving member 420 can be arranged in any other
suitable location of the housing 401. It is also within the purview of this invention, to
adopt more than one actuator driving member so as to meet the functional load
requirements of the device 400. The actuator driving member 420 is connected to the
power source of the device 400 and its movements are controlled and executed by the
digital processor 418, in accordance with the user’s requirements. The operations of
actuator driving member 420 that are controlled by the digital processor 418 include
actuation, control of clockwise or counter clockwise directions of its rotor, pausing and
stopping controls, selecting and regulating linear movements of each of lateral space
variators that are connected to the movable image capturing members 407a and 407b
and the management of its variable speed. The digital processor 418 can also
programmed to include further functionalities to control the movable image capturing
members 407a and 407b, in furtherance to achieving the stated objectives of the present

invention.

[00115] A rotatable actuator shaft 421 with a bush, pulley or a connector, is connected
to actuator driving member 420 (to the rotor of the driving member) and disposed to
receive a rotary drive from the actuator driving member 420. The rotatable actuator shaft

421 is arranged to rotate both in clockwise and counter-clock wise directions.

[00116] A rotary drive member 422 is rotatably connected to the terminal end of the
rotatable actuator shaft 421. The rotary drive member 422 is advantageously a gear and
provided with a desired teeth profile and arranged to rotate about the vertical axis of the

rotatable actuator shaft 421. The rotary drive member 422 reciprocates the movement of
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the rotatable actuator shaft 421 and rotates in corresponding clockwise and counter-

clockwise rotary directions.

[00117] A rotatable disc 422 is connected to the shaft 421 and is arranged to rotate in
clock and counter clock directions. Pins 423a and 423b are mounted on either side of the
rotatable disc 422 and are preferably positioned diagonally opposite to each other. The
pins 423a and 423b rotate along the rotational axis of the rotatable disc 422. A lateral
space variator 424a, with a proximal and distal end is connected to the pin 423a. The
proximal end, which is closer to the rotatable disc 422, is configured to have an eye 425a,
which is a pass-through passage. The proximal end of the lateral space variator 424a is
movably mounted on the pin 423a through the eye 425a. The rotation of the rotatable
disc 422 and the pin 423a cause laterally extendable linear motion to the lateral space
variator 424a. The clockwise and counter clockwise movements of the rotatable disc 422
effects aft and fro lateral movements of the lateral space variator 424a. In other words,
the lateral space variator 424a moves away from and towards the rotatable disc 422,

depending on the clockwise and counter clock wise rotation of the rotatable disc 422.

[00118] Similarly, a lateral space variator 424b, with a proximal and distal end is
connected to the pin 423b. The proximal end which is closer to the rotatable disc 422 is
configured to have an eye 425b. The proximal end of the lateral space variator 424b is
movably mounted on the pin 423b through the eye 425b. The rotation of the rotatable
disc 422 also simultaneously causes the lateral movement of the lateral space variator
424b, in an opposite direction to that of the arm 424a. Thus the movable image capturing
members 407a and 407b that are connected to the arms 424a and 424b, also move
laterally and in opposite directions, thereby altering the inter-objective distance between

the lens assemblies of the movable image capturing members 407a and 407b.

[00119] In this arrangement, the clockwise rotation of the rotatable disc 422 causes
lateral movement of the lateral space variators 424a and 424b which form part of first
pair of laterally-movable lateral space variator assemblies are arranged to move in linear
and opposing directions. In other words, the rotation of the rotatable disc 422 causes the

extension or retraction of the lateral space variators 424a and 424b away from or
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towards the housing 401 of the device 400. By altering the position of the lateral space
variators 424a and 424b, the interspatial distance between lens assemblies of the
movable image capturing members 407a and 407b are varied and once the desired
spatial distance is achieved, the movable image capturing members 407a and 407b are
oriented and cyclorotated in horizontal and vertical planes, to capture the required right
perspective of the target-subject 408, with an enhanced depth angle. The images of the
target-subject 408 thus produced can be viewed through the eye piece complexes 406a
and 406b having image viewing screens, directly, or on the display unit 403 through

polarized 3-D glasses and by the incorporation of the beam splitters 417¢ and 417d.

[00120] In further aspect of the present invention, the movable image capturing
members 407a and 407b are disposed substantially at vertical meridians to the horizon,
not only while the movable image capturing members 407a and 407b are located in the
respective camera-receptacles but also while the image capturing members 407a and
407b are displaced laterally and cyclorotated in horizontal and vertical planes, while
converging on the target-subject 408. In other words, the image capturing members 407a
and 407b maintain their vertical meridian positions to the horizon even when the housing
401 of the device 400 is tilted, while capturing the 3-D images at various converging

angles.

[00121] The aforementioned movements of the lateral space variators 423a and 423b
and image capturing members 407a and 407b are regulated and controlled by the digital

processor 418 and executed through data and command channel 419.

[00122] The respective movements of the lateral space variators 423a and 423b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 408.

[00123] In another embodiment of the present invention, a linear actuating assembly is
implemented by means of a piston-cylinder arrangement, to actuate and position the
movable image capturing members 507a and 507b, in order to capture left and right 3-D

images, at various convergence angles of the target-subject 508, by varying the inter-
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objective distance between the movable image capturing members 507a and 507b. Such
linear actuating assembly is now described by referring to FIG.5. In this linear actuating
assembly, an enclosure 521a, which is a hollow cylindrical member, preferably of metal, is
connected to a power supply switching circuit 520 as shown in FIG.5, to supply current to
the assembly. The shape of the enclosure 521a can be rectangular or any geometrical
shapes and is arranged in the housing 501 of the device 500 as shown FIG.5. A movable
piston 523a is housed in the enclosure 521a and arranged to move in lateral directions. A
lateral space variator 524a is connected to the piston 523a as shown in FIG.5. A biasing
member 522a is preferably a spring or coil, which is made of shape memory alloy (SMA),
is abutted to the piston 523a on one side and to the inner surface of the enclosure 521a
on the other side. The material for the biasing member can be selected from those SMAs
that are sensitive at lower current factors. The combination of application and non-
application of energy to the biasing member 522a causes fro and aft movements of the
lateral space variator 524a. On the application of energy, the biasing member 522a is
heated. The heated biasing member 522a expands in linear elastic form resulting in the
displacement of the piston 523a in a linear manner. The lateral space variator 524a,
which is movably connected to the piston 523a, also moves linearly and extends the
movable image capturing members 507a and 507b away from the housing 501. The
movable image capturing member 507a is adjusted to move laterally and converge on the
target object or subject 508, at various converging angles to capture left and right 3-D
images of the target-subject 508. Similarly, biasing member 522a regains its original

position after the suspension of energy resulting the cooling of the biasing member 522a.

[00124] In a similar way, an enclosure 521b, which is a hollow cylindrical member,
preferably of metal, is connected to a power supply switching circuit 520 as shown in
FIG.5, to supply current to the assembly. The shape of the enclosure 521b can be
rectangular or any geometrical shapes and is arranged in the housing 501 of the device
500 as shown FIG.5. A movable piston 523b is housed in the enclosure 521b and arranged
to move in lateral directions. A lateral space variator 524b is connected to the piston

523b as shown in FIG.5. A biasing member 522b is preferably a spring or coil, which is
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made of shape memory alloy (SMA), is abutted to the piston 523b on one side and to the
inner surface of the enclosure 521b on the other side. The material for the biasing
member can be selected from those SMAs that are sensitive at lower current factors. The
combination of application and non-application of energy to the biasing member 522b
causes fro and aft movements of the lateral space variator 524b. On the application of
energy, the biasing member 522b is heated. The heated biasing member 522b expands in
linear elastic form resulting in the displacement of the piston 523b in a linear manner.
The lateral space variator 524b, which is movably connected to the piston 523b also
moves linearly and extends the movable image capturing member 507b away from the
housing 501. The movable image capturing member 507b is adjusted to move laterally
and converge on the target object or subject 508, at various converging angles to capture
left and right 3-D images of the target-subject 508. Similarly, biasing member 522b
regains its original position after the suspension of energy resulting the cooling of the

biasing member 522b.

[00125] By altering the position of the lateral space variators 524a and 524b, the
interspatial distance between lens assemblies of the movable image capturing members
507a and 507b are varied and once the desired spatial distance is achieved, the movable
image capturing members 507a and 507b are oriented and cyclorotated in horizontal and
vertical planes, to capture the required right perspective of the target-subject 508, with
an enhanced depth angle. The images of the target-subject 508 thus produced can be
viewed through the eye piece complexes 506a and 506b having image viewing screens,
directly, or on the display unit 503 through polarized 3-D glasses and by the incorporation
of the beam splitters 517c and 517d.

[00126] In further aspect of the present invention, the movable image capturing
members 507a and 507b are disposed substantially at vertical meridians to the horizon,
not only while the movable image capturing members 507a and 507b are located in the
respective camera-receptacles but also while the image capturing members 507a and
507b are displaced laterally and cyclorotated in horizontal and vertical planes, while

converging on the target-subject 508. In other words, the image capturing members 507a
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and 507b maintain their vertical meridian positions to the horizon even when the housing

of the device 500 is tilted, while capturing the 3-D images at various converging angles.

[00127] The aforementioned movements of the lateral space variators 523a and 523b
and image capturing members 507a and 507b are regulated and controlled by the digital

processor 518 and executed through data and command channel 519.

[00128] The respective movements of the lateral space variators 523a and 523b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 508.

[00129] In yet another aspect of the present invention, as shown in FIG.6, the aft and fro
linear movements of the movable image capturing members 607a and 607b are actuated
by means of a lateral space variator assembly that is driven by an electromagnetic field.
The lateral space variator assembly includes a cylindrical core 621a connected to the
device 600, in proximity to camera-receptacle 605a. The cylindrical core 621a is wound
with coil windings 622a and connected to a switching circuit 620 to receive a regulated
power for a selective energisation. A lateral space variator 617a, which is non-magnetic
stem having proximal and distal ends, is provided. The proximal end of the linear space
variator 617a is movably connected to the cylindrical core 621a and the corresponding
distal end is connected to the movable image capturing member 607a through a slot
625a. Moving magnets 624a, which are preferably annular magnets, are arranged in the
cylindrical core 621a and mounted on the linear later space variator 617a. The moving
magnets 624a are guided by fixed magnets 623a, which are arranged on either side of the
moving magnets 622a. The coil windings 622a are energized by means of suitable
switching circuits 620 through switching electronics, to actuate moving magnets 624a
through repulsive magnetic forces. The linear later space variator 617a, which is enclosed
in coil windings 622a acts as a linear moving-magnet actuator with ring or annular
magnets. The lateral space variator 617a is provided with a proportional action due to
the action of repulsive forces (elastomagnetic forces) between the two fixed magnets

623a and the moving magnets 624a.
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In a similar way, as shown in FIG.6, the aft and fro linear movements of the movable
image capturing member 607b, is actuated by means of a lateral space variator assembly
that is driven by an electromagnetic field. The lateral space variator assembly includes a
cylindrical core 621b connected to the device 600, in proximity to camera-receptacle
605b. The cylindrical core 621b is wound with coil windings 622b and connected to a
switching circuit 620 to receive a regulated power for a selective energisation. A linear
space variator 617b, which is non-magnetic stem having proximal and distal ends. The
proximal end of the linear space variator 617b is movably connected to the cylindrical
core 621b and the corresponding distal end is connected to the movable image capturing
member 607b through a slot 625b. Moving magnets 624b, which are preferably annular
magnets, are arranged in the cylindrical core 621b and mounted on the lateral space
variator 617b. The moving magnets 624b are guided by fixed magnets 623a, which are
arranged on either side of the moving magnets 624b. The coil windings 622b are
energized by means of suitable switching circuits 620 through switching electronics, to
actuate moving magnets 624b through repulsive magnetic forces. The lateral space
variator 617b, which is enclosed in coil windings 622b acts as a linear moving-magnet
actuator with ring or annular magnets. The lateral space variator 617b is provided with a
proportional action due to the action of repulsive forces (elastomagnetic forces) between

the two fixed magnets 623b and the moving magnets 624b.

[00130] By altering the position of the lateral space variators 624a and 624b, the
interspatial distance between lens assemblies of the movable image capturing members
607a and 607b are varied and once the desired spatial distance is achieved, the movable
image capturing members 607a and 607b are oriented and cyclorotated in horizontal and
vertical planes, to capture the required right perspective of the target-subject 608, with
an enhanced depth angle. The images of the target-subject 608 thus produced can be
viewed through the eye piece complexes 606a and 606b having image viewing screens,
directly, or on the display unit 603 through polarized 3-D glasses and by the incorporation
of the beam splitters 617c and 617d.

[00131] In further aspect of the present invention, the movable image capturing
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members 607a and 607b are disposed substantially at vertical meridians to horizon, not
only while the movable image capturing members 607a and 607b are located in the
respective camera-receptacles but also while the image capturing members 607a and
607b are displaced laterally and cyclorotated in horizontal and vertical planes, while
converging on the target-subject 608. In other words, the image capturing members 607a
and 607b maintain their vertical meridian positions to the horizon, even when the
housing of the device 600 is tilted, while capturing the 3-D images at various converging

angles.

[00132] The aforementioned movements of the lateral space variators 623a and 623b
and image capturing members 607a and 607b are regulated and controlled by the digital

processor 618 and executed through data and command channel 619.

[00133] The respective movements of the lateral space variators 623a and 623b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 608.

[00134] In further aspect of the present invention as shown in FIG.7, the lateral space
variator assembly for the actuation of lateral space variators 721a and 721b is a
combination of a screw and nut assembly. The screw and nut assembly includes a lateral
space variator 721a, which is an elongated screw that is meshed with a nut 722a. One of
the terminal ends of the lateral space variator 721a is connected to the movable image
capturing members 707a through a slot 723a. A plurality of vibrating piezoelectric
ceramic elements 723a is mounted on the lateral space variator 721a are connected to
the switching circuit 720 as shown in FIG.7b, to impart small orbital vibrations to the nut
722a at its ultrasonic resonant frequency, resulting the linear movement of the lateral
space variator 721a. The thread friction of drives the lateral space variator 721a forward

or backward in a linear direction as shown in FIGs.7 and 7a.

[00135] In a reciprocal manner, as shown in FIG.7, the screw and nut assembly includes a
lateral space variator 721b, which is an elongated screw that is meshed with a nut 722b.

One of the terminal ends of the lateral space variator 721b is connected to the movable
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image capturing members 707b through a slot 723b. A plurality of vibrating piezoelectric
ceramic elements 723b is mounted on the lateral space variator 721b are connected to
the switching circuit 720 as shown in FIG.7b, to impart small orbital vibrations to the nut
722b at its ultrasonic resonant frequency. The thread friction of drives the lateral space

variator 721b forward or backward in a linear direction as shown in FIGs.7 and 7a.

[00136] The switching circuit 720 as shown in FIG.7b, provides a 4-phase motor drive
with a suitable phase difference, to the lateral space variators 721a and 721b. The
positive and negative phase difference imparts left and right linear movements to the

lateral space variators 721a and 721b.

[00137] By altering the position of the lateral space variators 724a and 724b, the
interspatial distance between lens assemblies of the movable image capturing members
707a and 707b are varied and once the desired spatial distance is achieved, the movable
image capturing members 707a and 707b are oriented and cyclorotated in horizontal and
vertical planes, to capture the required right perspective of the target-subject 708, with
an enhanced depth angle. The images of the target-subject 708 thus produced can be
viewed through the eye piece complexes 706a and 706b having image viewing screens,
directly, or on the display unit 703 through polarized 3-D glasses and by the incorporation
of the beam splitters 717c and 717d.

[00138] In further aspect of the present invention, the movable image capturing
members 707a and 707b are disposed substantially at vertical meridians to horizon, not
only while the movable image capturing members 707a and 707b are located in the
respective camera-receptacles but also while the image capturing members 707a and
707b are displaced laterally and cyclorotated in horizontal and vertical planes, while
converging on the target-subject 708. In other words, the image capturing members 707a
and 707b maintain their vertical meridian positions to the horizon, even when the
housing of the device 700 is tilted, while capturing the 3-D images at various converging

angles.

[00139] The aforementioned movements of the lateral space variators 723a and 723b
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and image capturing members 707a and 707b are regulated and controlled by the digital

processor 718 and executed through data and command channel 719.

[00140] The respective movements of the lateral space variators 723a and 723b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 708.

[00141] Hitherto, various exemplary embodiments of the lateral space variator
assemblies that are integrated within the body of the device have been described. Now,
in another aspect of the present invention, as shown in FIG.8, the lateral space variator
assembly can be connected to the body of the device 800 by means of an adaptor 826 to
convert an existing computing or a communication device into a device that can capture
three-dimensional (3-D) spatial images of a target subject, at various depth angles and in
multiple planes. The adaptor 826, as shown in this preferred embodiment, is an
arrangement having a multi-planar camera apparatus, as shown in one of the preceding
embodiments, which is connected, externally, to the body of a computing or a
communication device 800, as shown in FIG.8, to enable capturing of three-dimensional
(3-D) spatial images of a target subject 808, at various depth angles and in multiple
planes. In other words, by fixing the adaptor 826 to the known device 800, the device 800
can be enabled to capture three-dimensional (3-D) spatial images of a target subject, at
various depth angles and in multiple planes. The adaptor 826 includes a lateral space
variator assembly having a cylindrical core 821a connected to the device 800, in proximity
to camera-receptacle 805a. The cylindrical core 821a is wound with coil windings 822a
and connected to a switching circuit 820 to receive a regulated power for a selective
energisation. A lateral space variator 824a, which is non-magnetic stem having proximal
and distal ends, is provided. The proximal end of the lateral space variator 824a is
movably connected to the cylindrical core 821a and the corresponding distal end is
connected to the movable image capturing member 807a through a slot 825a. Moving
magnets 827a, which are preferably annular magnets, are arranged in the cylindrical core
821a and mounted on the lateral space variator 824a. The moving magnets 827a are

guided by fixed magnets 823a, which are arranged on either side of the moving magnets
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827a. The coil windings 822a are energized by means of suitable switching circuits 820
through switching electronics, to actuate moving magnets 827a through repulsive
magnetic forces. The lateral space variator 824a, which is enclosed in coil windings 822a,
acts as a linear moving-magnet actuator with ring or annular magnets. The lateral space
variator 824a is provided with a proportional action due to the action of repulsive forces
(elastomagnetic forces) between the two fixed magnets 823a and the moving magnets

827a.

[00142] In a similar way, as shown in FIG.8,the aft and fro linear movements of the
movable image capturing member 807b, is actuated by means of a lateral space variator
assembly that is driven by an electromagnetic field. The lateral space variator assembly
includes a cylindrical core 821b connected to the device 800, in proximity to camera-
receptacle 805b. The cylindrical core 821b is wound with coil windings 822b and
connected to a switching circuit 820 to receive a regulated power for a selective
energisation. A lateral space variator 817b, which is non-magnetic stem having proximal
and distal ends. The proximal end of the linear space variator 817b is movably connected
to the cylindrical core 821b and the corresponding distal end is connected to the movable
image capturing member 807b through slot 825b. Moving magnets 827b, which are
preferably annular magnets are arranged in the cylindrical core 821b and mounted on the
linear later space variator 817b. The moving magnets 827b are guided by fixed magnets
823b, which are arranged on either side of the moving magnets 827b. The coil windings
822b are energized by means of suitable switching circuits 820 through switching
electronics, to actuate moving magnets 827b through repulsive magnetic forces. The
lateral space variator 824b, which is enclosed in coil windings 822b acts as a linear
moving-magnet actuator with ring or annular magnets. The lateral space variator 824b is
provided with a proportional action due to the action of repulsive forces (elastomagnetic

forces) between the two fixed magnets 823b and the moving magnets 827b.

[00143] By altering the position of the lateral space variators 824a and 824b, the
interspatial distance between lens assemblies of the movable image capturing members

807a and 807b are varied and once the desired spatial distance is achieved, the movable
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image capturing members 807a and 807b are oriented and cyclorotated in horizontal and
vertical planes, to capture the required right perspective of the target-subject 808, with
an enhanced depth angle. The images of the target-subject 808 thus produced can be
viewed through the eye piece complexes 806a and 806b having image viewing screens,
directly, or on the display unit 803 through polarized 3-D glasses and by the incorporation

of the beam splitters 817c and 817d.

[00144] In further aspect of the present invention, the movable image capturing
members 807a and 807b are disposed substantially at vertical meridians to the horizon,
not only while the movable image capturing members 807a and 807b are located in the
respective camera-receptacles but also while the image capturing members 807a and
507b are displaced laterally and cyclorotated in horizontal and vertical planes, while
converging on the target-subject 808. In other words, the image capturing members 807a
and 807b maintain their vertical meridian positions to the horizon, even when the
housing of the device 800 is tilted, while capturing the 3-D images at various converging

angles.

[00145] The aforementioned movements of the lateral space variators 824a and 824b
and image capturing members 807a and 807b are regulated and controlled by the digital

processor 818 and executed through data and command channel 819.

[00146] The respective movements of the lateral space variators 824a and 824b can be
synchronous and asynchronous. Horizon indicators along with gyrosensors are also

incorporated for balancing the left and right images of the target-subject 808.

[00147] The adaptor 826 with above-mentioned components can be conveniently fixed
to the device 800 by any fixation means such as press fit, screws etc., and with an
interface device like USB, so as to integrate with other electronic components of the

device.

[00148] In the foregoing embodiment, the linear moving-magnet actuator with ring or
annular magnets is shown in FIG.8, exemplarily, to actuate the lateral space variators

824a and 824b. However, it is understood here that the adaptor 826 can also be suitably
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arranged with lateral space variators that are actuated by laterally-movable linear gears,
laterally-movable linear stems that are connected to a rotatable disc, laterally-movable
linear stems that are connected to a cylinder and a movable piston, laterally-movable
threaded stems that are connected to nuts and screws, as shown in the preceding
embodiments. In yet another aspect of the present invention, embodiments pertaining to
constructional features of the device 900 that exhibits panoramic viewing capabilities are
now described by referring to FIG.9. The linear actuating assembly for this embodiment
can be selected from any one of the aforementioned assemblies. Accordingly, in an
exemplary manner, the linear actuating assembly that is driven by a gear arrangement is

shown to implement the panoramic viewing capabilities of the device 900.

[00149] The device 900 with panoramic optics captures an entire 360 degree panorama
in a single shot by using the timer mechanism of the device, thereby dispensing with
stitching of individual snaps to create panoramic pictures. The device 900 having movable
image capturing members 907a and 907b with vertical field of views and horizontal field
of views in the range of 0-360 degrees, can capture an entire panorama with one single
picture. The lateral space variator assembly of the device 900 also facilitates in varying
the distance between the movable image capturing members 907a and 907b, thereby
enhancing the horizontal field of view. In addition, pitch, yaw and roll movements of the
movable image capturing members 907a and 907b, as shown in FIG.2a and FIG.2b
enhances the vertical field of view of the device. In other words, by using the device 900
of the present invention, a 360 degree rotation along the front and back portions of the

camera is accomplished, without altering the position of the device 900.

[00150] In order to extend further the inter-objective distance between the left and right
movable image capturing members 907a and 907b, in yet another aspect of the present
invention, a linear actuating assembly is incorporated in the device 900, as shown in
FIG.9, to actuate and vary the inter-objective distance between the lens assemblies of the
movable image capturing members 907a and 907b. This facilitates the capturing and
viewing a target-subject(s) 908, at various positions and at variable distances, without

tilting the device 900 or the neck portion of the user. In this arrangement the user can
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capture panoramic views of the target-subject(s) 908 as shown in FIG.9, by extending and
varying the inter-objective distance between the movable image capturing members

907a and 907b, along the axis A-A".

[00151] In further aspect of the present invention as shown in FIG.10, a plurality of
laterally-movable lateral space variator assemblies are integrated with the device 1000,
to capture 3-D images of target subject 1008 at various convergence angles and with
enhanced depth perception. In this embodiment, a gear-based lateral space variator
assembly is shown exemplarily to implement a plurality of lateral space variator
assemblies. It is also understood here that the number of lateral space variator
assemblies can be suitably increased depending on the user requirements. Accordingly,
the lateral space variator assembly as shown in FIG.10 comprises an actuator driving
member 1020, which is preferably a micro motor, with a suitable torque and power
rating. The actuator driving member 1020 is arranged in the housing 1001 and connected
to the first set of movable image capturing members 1007a and 1007b, as hereinafter
described. The actuator driving member 1020 is a micro motor and is preferably equipped
with a variable speed drive arrangement. The actuator driving member 1020 is also
equipped to rotate in clockwise and counter-clockwise directions. The actuator driving
member is arranged in the housing 1001 as shown in FIG.10. The actuator driving
member 1020 is connected to the power source of the device 1000 and is operated by
the digital processor 1018. The operations of actuator driving member 1020 that are
controlled by the digital processor include actuation, control of clockwise or counter
clockwise directions of its rotor, pausing and stopping controls, selecting and regulating
linear movements of each of the linear arms that are connected to the first set of
movable image capturing members 1007a and 1007b and the management of its variable
speed. The digital processor 1018 can also programmed to include further functionalities
to control the first set of movable image capturing members 1007a and 1007b, in
furtherance to achieving the stated objectives of the present invention. A first rotatable
actuator shaft 1021 with a bush, pulley or a connector, is connected to | actuator driving

member 1020 (to the rotor of the driving member) and disposed to receive a rotary drive
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from the actuator driving member 1020. The first rotatable actuator shaft 1021 rotates

both clockwise and counter-clock wise directions.

[00152] A first rotary drive member 1022, which is a rotary gear, is rotatably connected
to the terminal end of the first rotatable actuator shaft 1021. The first drive member 1022
is provided with a desired teeth profile and arranged to rotate about the vertical axis of
the rotatable first actuator shaft 1021. The first drive member 1022 reciprocates the
movement of the first rotatable actuator shaft 1021 and rotates in corresponding

clockwise and counter-clockwise rotary directions.

[00153] In yet another aspect of the present invention, a laterally extendable or movable
first lateral space variator 1023a having a proximal and a distal end is provided with a
teeth profile corresponding to the teeth profile of the first drive member 1022 and is
movably engaged with the first drive member 1022, through its proximal end, as shown in
FIG.10. The configuration of the first lateral space variator 1023a can be rectangular,
round or any other suitable configuration, preferably with a fine pitch. The first lateral
space variator 1023a can made of metal, plastic or of any suitable alloy materials. The
first lateral space variator 1023a is meshed with the teeth profile of the first drive
member 1022. In this arrangement the rotary movements of the first drive member 1022

is translated into linear movement of the lateral space variator 1023a.

[00154] The distal end of the first lateral space variator 1023a is arranged to extend
linearly and laterally from the first drive member 1022, along the horizontal axis A-A” and
is integrally connected to the first movable image capturing member 1007a through the
slot 1024a. The distal end of the first lateral space variator 1023a is provided with a
suitable profile so that the distal end can pass through the slot 1024a and lock inside. The
locking arrangement can be one of press-fit, screw, ratchet or any other suitable locking

means.

[00155] The first lateral space variator 1023a, which is meshed with the first drive
member 1022 also moves linearly along its longitudinal axis. The linear movement of the

first lateral space variator 1023a is in the fore and aft directions, along the horizon A-A’,
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consequent to the clock and counter-clockwise movements of the first drive member

1022.

[00156] The first lateral space variator 1023a, in this aspect, is exemplarily shown as a
flat and elongated member having a corresponding teeth profile that matches with the
teeth profile of the first drive member 1022. Other suitable profiles including cylindrical

or round profiles can be suitably adapted for the first lateral space variator 1023a.

[00157] In yet another aspect of the present invention, a laterally extendable or movable
first lateral space variator 1023b having a proximal and a distal end having a
corresponding teeth profile and is movably engaged with the drive member gear 1022,
which is a rotary gear, through its proximal end, as shown in FIG.10. The configuration of
the first lateral space variator 1023b can be rectangular, round or any other suitable
configuration, preferably with a fine pitch. The first lateral space variator 1023b can made
of metal, plastic or of any suitable alloy materials. The first lateral space variator 1023b is
meshed with the teeth profile of the first drive member 1022. In this arrangement the
rotary movements of the first drive member 1022 is translated into linear movement of

the first lateral space variator 1023b.

[00158] The distal end of the first lateral space variator 1023b is arranged to extend
linearly and laterally from the first drive member 1022, along the horizon A-A’ and is
integrally connected to the first movable image capturing member 1007b through the slot
1024b. The distal end of the first lateral space variator 1023b is provided with a suitable
profile so that the distal end can pass through the slot 1024b and lock inside. The locking

arrangement can be one of press-fit, screw, ratchet or any other suitable locking means.

[00159] The first lateral space variator 1023b, which is meshed with the first drive
member 1022 also moves linearly along its longitudinal axis. The linear movement of the
first lateral space variator 1022b is in the fore and aft directions, along the axis A-A’,
consequent to the clock and counter-clockwise movements of the first drive member

gear 1022.

[00160] The first lateral space variator 1023b, in this aspect, is exemplarily shown as a
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flat member having a corresponding teeth profile that matches with the teeth profile of
the first drive member 1022. Other suitable profiles including cylindrical or round profiles
can be suitably adapted for the first lateral space variator 1023b. The arrangement of the
first lateral space variators 1023a and 1023b are parallel and non-axial to each other and

arranged to move in opposing directions.

[00161] In yet another aspect of the present invention the rotary movement of the first
drive member 1022 causes lateral movement of the lateral space variators 1023a and
1023b, which form part of first pair of laterally-movable lateral space variator assemblies,
in linear and opposing directions. In other words, the rotation of the first drive member
1022 causes the extension or retraction of the first lateral space variators 1023a and

1023b away from or towards the housing 1001.

[00162] A second set of lateral space variators 1025a and 1025b, which form part of
second pair of lateral space variator assemblies having a similar configuration as that of
the first set of later space variators 1023a and 1023b are connected to the first lateral
space driver 1020. A second rotatable actuator shaft 1028 with a bush, pulley or a
connector, is connected to lateral space driver 1020 (to the rotor of the driving member)
and disposed to receive a rotary drive from the lateral space driver 1020. The second

rotatable actuator shaft 1028 rotates both clockwise and counter-clock wise directions.

[00163] A second drive member 1027, which is a rotary gear, is rotatably connected to
the terminal end of the first rotatable actuator shaft 1028. The second drive member
1027 is provided with a desired teeth profile and arranged to rotate about the vertical
axis of the rotatable second actuator shaft 1028. The second drive member 1027
reciprocates the movement of the second rotatable actuator shaft 1028 and rotates in

corresponding clockwise and counter-clockwise rotary directions.

[00164] In yet another aspect of the present invention, a laterally extendable or movable
second lateral space variator 1025a having a proximal and a distal end is provided with a
teeth profile corresponding to the teeth profile of the second drive member 1027 and is

movably engaged with the second drive member 1027, through its proximal end, as
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shown in FIG.10. The configuration of the second lateral space variator 1025a can be
rectangular, round or any other suitable configuration, preferably with a fine pitch. The
second lateral space variator 1023b can made of metal, plastic or of any suitable alloy
materials. The second lateral space variator 1025a is meshed with the teeth profile of the
second drive member 1027. In this arrangement the rotary movements of the second
drive member 1027 is translated into linear movement of the second lateral space

variator 1025a.

[00165] The distal end of the second lateral space variator 1025a is arranged to extend
linearly and laterally from the second drive member 1027, along the horizon A-A’ and is
integrally connected to the second movable image capturing member 1028a through the
slot 1029a. The distal end of the second lateral space variator 1025a is provided with a
suitable profile so that the distal end can pass through the slot 1029a and lock inside. The
locking arrangement can be one of press-fit, screw, ratchet or any other suitable locking

means.

[00166] The second lateral space variator 1025a, which is meshed with the second drive
member 1027 also moves linearly along its longitudinal axis. The linear movement of the
second lateral space variator 1025a is in the fore and aft directions, along the axis B-B’,
consequent to the clock and counter-clockwise movements of the second drive member

1027.

[00167] The second lateral space variator 1025a, in this aspect, is exemplarily shown as a
flat and elongated member having a corresponding teeth profile that matches with the
teeth profile of the second drive member 1027. Other suitable profiles including
cylindrical or round profiles can be suitably adapted for the second lateral space variator

1025a.

[00168] In yet another aspect of the present invention, a laterally extendable or movable
second lateral space variator 1025b having a proximal and a distal end having a
corresponding teeth profile and is movably engaged with the second drive member 1027,

through its proximal end, as shown in FIG.10. The configuration of the second lateral
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space variator 1025b can be rectangular, round or any other suitable configuration,
preferably with a fine pitch. The second lateral space variator 1025b can made of metal,
plastic or of any suitable alloy materials. The second lateral space variator 1025b is
meshed with the teeth profile of the second drive member 1022. In this arrangement the
rotary movements of the second drive member 1022 is translated into linear movement

of the second lateral space variator 1025b.

[00169] The distal end of the second lateral space variator 1025b is arranged to extend
linearly and laterally from the second rotary gear 1027, along the horizon B-B’ and is
integrally connected to the second movable image capturing member 1028b through the
slot 1029b. The distal end of the second lateral space variator 1025b is provided with a
suitable profile so that the distal end can pass through the slot 1029b and lock inside. The
locking arrangement can be one of press-fit, screw, ratchet or any other suitable locking

means.

[00170] The second lateral space variator 1025b, which is meshed with the second drive
member 1027 also moves linearly along its longitudinal axis. The linear movement of the
second lateral space variator 1027b is in the fore and aft directions, along the axis B-B’,
consequent to the clock and counter-clockwise movements of the second rotary gear

1027.

[00171] The second lateral space variator 1025b, in this aspect, is exemplarily shown as a
flat member having a corresponding teeth profile that matches with the teeth profile of
the second drive member 1027. Other suitable profiles including cylindrical or round

profiles can be suitably adapted for the second lateral space variator 1025b.

[00172] In this manner, an identical and reciprocal second lateral space variator 1025b is
arranged with its proximal end connected to the second rotary gear 1027 and its distal
end connected to a second movable image capturing member 1028b through the slot
1029b. The arrangement of the second lateral space variators 1025a and 1025b are

parallel and non-axial to each other and arranged to move in opposing directions.

[00173] In yet another aspect of the present invention the rotary movement of the
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second drive member 1027 causes lateral movement of the second lateral space variators
1025a and 1025b in linear and opposing directions. In other words, the rotation of the
second drive member 1027 causes the extension or retraction of the second lateral space
variators 1025a and 1025b away from or towards the housing 1001. By altering the
extension of the first and second lateral space variators, the interspatial distance
between lens assemblies of the first and second image capturing members are varied and
once the desired spatial distance is achieved the first and second set of movable image
capturing members are adjusted to converge on the target object or subject 1008 at
various converging angles and are locked to capture its left and right 3-D images of the

target-subject 1008, with enhanced depth angle.

[00174] The aforementioned movements of the first and second set of lateral space
variators and movable image capturing members are regulated and controlled by the

digital processor 1018 and executed through data and command channel 1019.

[00175] By adopting the plurality of arrangement of the movable image capturing
members 1007a, 1007b, 1028a, 1028b, in parallel and diagonal positions in the housing
1001 of the device 1000, not only the lateral displacement between the movable image
capturing members is accomplished but also their vertical displacement. The number of
movable image capturing members 1007a, 1007b, 1029a, 1029a can also suitably

increased should there be any such need.

[00176] In yet another aspect of the present invention, the movable image capturing
members 1007a, 1007b, 1029a, 1029a, preferably with wide angle lenses , can also be

used to capturing panoramic images of the target-subject(s).

[00177] It is also an aspect of the present invention to use the multi-planar camera
apparatus with movable image capturing members, to capture video images of a moving
target-subject T1-T5, at various vertical levels, as shown in FIG.11, without tilting the
body (housing) of the device. The apparatus can also be used to capture moving target-
subject $1-S5 present on the back side of the apparatus, without flipping or turning the

camera backwards as shown in FIG.11. The multi-planar camera apparatus with movable
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image capturing members can capture video images of a moving target-subject T1-T5, at
various vertical levels both from the front and back side of the apparatus, without
resorting to turning the apparatus, since the image capturing members can rotate 360
degrees to capture the images. The embodiment of the present invention illustrates the
“look up”, “look down” and cyclotorsional or cyclorotational features of the movable
image capturing members, in horizontal and vertical planes, while taking pictures in still

mode and video mode.

[00178] The cyclotorsional or cyclorotational aspects of the device of the present
invention are further illustrated by referring to FIG.12a, 12b, and 12c. Whenever, the
device with the camera apparatus is operated, normally the axis “A-A’ ” is the initial axis
of the movable image capturing members and they are at vertical meridian “V-V’ ” to the
horizon, as shown in FIG.12a. In other words, in this arrangement no tilt of the movable
image capturing members is observed. However, when the body or housing of the
camera apparatus is tilted the axis “A-A’ "shifts with a tilting angle of 6, , as shown in
FIG.12b. In this aspect, the tilt is exemplarily shown in counter-clockwise direction. In
addition, the formation of the tilt angle 0, also results in the vertical displacement of left
and right image capturing members, since the image capturing members are not parallel
to the horizon “H-H’ ” as shown in FIG.12c. In other words, if an image is captured, in this
position, by the image capturing members, the field of view will be vertically displaced
and fusion of left and right views will be hampered. In order to offset the tilting of the
image capturing members, the device of the present invention measures the tilt angle
from the horizon level indicator through the digital processor and cyclorotates both left
and right image capturing members in clockwise direction, to a desirable angle so as
offset the angle 6 and to bring the movable image capturing members back to an axis that
is parallel to the horizon “H-H’ ” and to maintain the vertical meridian “V-V’ ”. Similarly, in
case the tilt of the device occurs in clockwise direction the image capturing members will
be directed to cyclorotate in counter-clockwise direction to offset the displaced angle 6.
Once the tilting angle 0 is compensated the length of the movable vertical stem of the

image capturing members is suitably adjusted, by increasing on one side, where the
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downward tilt has occurred and decreasing the length of the vertical stem, where the
upwards tilt has occurred, as shown in FIG.12¢ and FIG. 12d. In this manner, not only the
image capturing members are held parallel to the horizon “H-H’ “even if the body of the
device is not parallel and the left and right image capturing members are also held in the
same level to enable capturing of left and right 3-D spatial images without hampering the

fusion of left and right images.

[00179] The multi-planar camera apparatus with movable image capturing members of
the present invention performs a cyclo-rotation function by which the movable image
capturing members are always substantially at vertical meridians to the horizon, even

when the device is tilted.

[00180] In further aspect of the present invention, as shown in FIG.13, the obliteration of
triangle of 3-D invisibility by using the device of the multi-planar apparatus of the
invention is now described. The movable image capturing members which are configured
to move, individually, 360 degrees, along the horizon A-A’ and orient in desired multiple
planes, to capture 3-D images of the target-subject positioned at various distances, which
are farther and closer to the housing of the device as shown in FIG.13. In other words,
the left and right movable image capturing members that move away in a linear fashion
in opposite directions and can also look back at each other, as shown in FIG.13, to capture
3-D images of the target-subject that is positioned substantially closer to the device,
thereby ensuring obliteration of triangle of 3-D invisibility and while retaining the multi-

planar image capturing capability of the device.

[00181] In yet another aspect of the present invention, as shown in FIG.14,
embodiments of the present invention, pertaining to alteration of depth angle of the
target-subject, by using the multi-planar camera apparatus of the present invention, is
disclosed. The variation or alteration of the depth angle by varying the lateral separation
between the left and right movable image capturing members. For instance, as shown in
FIG.14, when the inter-spatial distance between the left and right movable image
capturing members is small the corresponding depth angle that is obtained of the target-

subject is also small (d1 degrees). The depth angles (d2 degrees and d3 degrees) get
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altered or enhanced when the movable image capturing members are further displaced
laterally. Accordingly, by varying the inter-spatial distance between the left and right
movable image capturing members the depth angles or 3-D angles of the target-subject

can be suitably altered.

[00182] The subject matter of the present invention can be suitably adapted to any
cameras, devices such as desktops, laptops, tablets, phablets and communication devices

such as smart phones.

[00183] The broad functional aspects of the multi-planar camera apparatus of the device
of the present invention are now described. A user handling the device of the present
invention powers the device to actuate the installed automatic controls of the device, to
perform routine initiator functions in conjunction with the digital processor. The user
then selects a target-subject and the corresponding left and right images are viewed
independently through the adjustable image viewing members having image-viewing
screens through left and right eyes. Dissimilarity between the left and right images of the
target-subject, when simultaneously perceived by the user’s brain, results in the depth
perception of the target-subject. However, as the user experiences the 3-D images of the
target-subject through the eye piece complexes, the depth perception and the depth
angle of the target-subject become limited, due to the minimal lateral displacement of
the left and right image viewing members, which displacement correspond to an Inter-
pupillary distance between the eyes of the user. In this context, it is understood that the
term depth angle of the target-subject refers to an angle that is subtended by the target-
subject to the left and right image viewing members, at the point of capturing of image of

the target-subject.

[00184] The user in order to enhance the depth perception and depth angle of the
focused target-subject actuates the actuator driving member of the device, which drives
the lateral space variator assemblies to displace the movable left and right image
capturing members, which are arranged in the camera receptacles, away from the
housing in linear and opposite directions along the horizon A-A’. The displacement of the

image capturing members varies the ICD between the left and right image capturing
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members and thereby increasing the distance between the left and right views of the
user, beyond the normal IPD. The left and right image capturing members are, therefore,
directed to move away from the housing of the device, to achieve a varying degree of
depth angle, for a given fixed or movable target-subject, which is positioned at a distance

from the device.

[00185] Now, one of the image capturing members is oriented in desired multiple
planes, by driving the corresponding transverse actuator assemblies of the image
capturing member, to perform look up, look down and roll movements operations, to
target the various aspects (left or right aspects) of the target-subject, at alterable
converging angles. These multi-planar vertical and roll movements of the image capturing
members can be controlled by the user either through user controls incorporated in the
device or automatically executed through software loaded and executed by the digital

processor of the device.

[00186] Once the desired image capturing member is locked on to the target-subject,
the autofocus mechanism of device, which is programed to recognize the target-subject,
provides a complementary instruction to the other image capturing member, to perform
a reciprocal function to lock itself on the target-subject. The digital processor is also
programmed to monitor, track and execute instructions to orient each image capturing
member on to the selected target-subject and to lock on it, by using vertical and
horizontal orientations of the image capturing members and their cyclorotation. Once
both the image capturing members lock on the target-subject, using the set of graticules
as provided in the optics housing, the user performs actions to achieve the desired depth
angle that is required of the target-subject and the user will now be in a position to view
and experience three-dimensional (3-D) spatial images of the target-subject with an
enhanced depth perception, either through the eye piece complexes directly or on the

display unit of the device thorough polarized 3-D vision glasses.

[00187] The device also performs certain cyclo-rotation function by which the movable
image capturing members are always substantially at vertical meridians to the horizon,

cyclo rotate clockwise and counter clockwise directions, if the housing of the camera
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[00188] In the foregoing embodiment, the image capturing members are used to capture
images that are positioned in front of the device. The device of the present invention
having the movable image capturing members can capture 3-D images of a target-subject
positioned on the back sides of the user, without even user turning backwards or shifting

the device backwards.

[00189] The movable image capturing members can also be used to capture panoramic
images of the target-subject by rotating the image capturing members horizontally along

360 degrees, without rotating the device (housing of the device).

[00190] The device of the present invention can also be used a surveillance camera to

capture images at multiple planes and various converging angles.

[00191] Features of the present invention have been described with reference to the
foregoing exemplary embodiments. However, the description is not intended to be
construed in a limiting sense. Various modifications of the example embodiments, as well
as other embodiments of the invention, which are apparent to persons skilled in the art

to which the invention pertains are deemed to lie within the following claims.

[00191A] Throughout this specification, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and "comprising", will be understood to
imply the inclusion of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.

[00191B] The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that the prior art forms part of

the common general knowledge.
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Claims Defining the Invention

1. A multi-planar camera apparatus, comprising:

a)

b)

at least a pair of camera-receptacles, disposed preferably at the terminal ends
of an apparatus housing, along an axis (A-A”);

at least a pair of movable image capturing members, with said or each pair
disposed in said respective camera receptacles, with an intervening distance,
and said movable image capturing members are configured to orient in
horizontal and vertical planes, cyclorotate, and with vertical displacement
compensation to capture 3-D spatial images of at least a target-subject, at
variable depth angles;

a pair of adjustable eye piece complexes with image-viewing screens, mounted
on said housing and operably connected to said pair of movable image
capturing members , to render said captured 3-D spatial views of said target-
subject (208;308) on said image-viewing screens; and

a display unit of said housing, operably connected to said movable image

capturing members, to display 3-D spatial images of said target-subject.

2. The camera apparatus according to claim 1, comprising:

a)

a plurality of said camera-receptacles, in particular two pairs of camera
receptacles, disposed preferably at the terminal ends of said apparatus
housing, along axis (A-A’) and the axis (B-B)’ respectively; and

a plurality of said movable image capturing members , in particular two pairs
of movable image capturing members, disposed each in a respective camera-
receptacle to capture 3-D spatial images of the at least one target-subject,
where said movable image capturing members are configured to orient in
horizontal and vertical planes and cyclorotate, and said movable image
capturing members are with vertical displacement compensation, to capture

3-D spatial images of at least the target-subject, at variable depth angles.
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The camera apparatus according to claim 1 or 2, wherein said movable image

capturing members comprise:

a) a pitch-drive member operably connected to a movable pedestal;

b) ayaw-drive member with a rotatable vertical stem, operably connected to said
movable pedestal, wherein the height of said rotatable vertical stem is
variable;

c) acyclorotate-drive member operably connected to said vertical stem; and

d) an optics housing operably connected to said vertical stem.

The camera apparatus according to claim 3, wherein a lens assembly is arranged

within said optics housing.

The camera apparatus according to any of the preceding claims, wherein said
movable image capturing members comprise a single drive member to perform
pitch and yaw orientation cyclorotate and vertical displacement compensation

movements.

The camera apparatus according to any of the preceding claims, wherein said
movable image capturing members are configured to orient at 0-360 degrees
along a horizontal plane and at about 120 degrees in a vertical plane, to obliterate

3-D triangle of invisibility between said movable image capturing members.

The camera apparatus according to any of the preceding claims, wherein said
movable image capturing members are configured to cyclorotate in clockwise and

counterclockwise directions.

The camera apparatus according to any of the preceding claims, comprising at

least a pair of lateral space variators disposed along said axis (A-A’) and operably
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10.

11.

12.

13.

14.

connected to said movable image capturing members, wherein said lateral space
variators are configured to vary the interspatial distance between said movable

image capturing members.

The camera apparatus according to claims 2 and 8, comprising a plurality of lateral
space variators disposed along said axes (A-A’, B-B’) and operably connected to
said movable image capturing members, wherein said lateral space variators are
configured to vary the interspatial distance between said movable image

capturing members.

The camera apparatus according claim 8, wherein said lateral space variators are
disposed to extend or contract said movable image capturing members) along said

axis(A-A”).

The camera apparatus according claim 9, wherein said plurality of lateral space
variators are disposed to extend or contract said movable image capturing

members, along said axes (A-A’, B-B’).

The camera apparatus according to any of claims 8 to 11, wherein said lateral
space variators comprise laterally-movable linear gears, operably connected to a

rotary drive member and to an actuator driving member.

The camera apparatus according to any of claims 8 to 11, wherein said lateral
space variators comprise laterally-movable linear stems, operably connected to a

rotatable disc member and to an actuator driving member.

The camera apparatus according to any of claims 8 to 11, wherein said lateral
space variators comprise laterally-movable linear stems, operably connected to a

cylinder and movable piston and to an actuator driving member.
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15.

16.

17.

18.

The camera apparatus according to any of claims 8 to 11, wherein said lateral
space variators comprise laterally-movable magnetic stems, operably connected
to a core having coil windings with movable magnets and to an actuator driving

member.

The camera apparatus according to any of claims 8 to 11, wherein said lateral
space variators comprise laterally-movable threaded stems, operably connected

to nuts and lateral space variator screws and to an actuator driving member.

The camera apparatus according to any of the preceding claims, wherein said
lateral space variators and/or said movable image capturing members are non-

integrally connected to said housing, through an adaptor.
The camera apparatus according to claim 2, comprising means for allowing an

independent selection of a desired individual pair of said movable image capturing

members, to capture the 3-D images of the target-subject.
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